• 



o 
m 
ru 

a 

ru 
ru 

ry 




o 
o 







cn 






u 




u 






















>> 


>% 






ca 






















w 




ca 


CQ 


ed 


C3 


€3 






D 


O 




c 


C 






c 












o 




o 


o 


u 


o 


O 


O 


O 


o 



7T777 



O O 



200 



205 



( Start J 



Select a sub-region to detail route 



210 



I 



Identify topological route 
for each net within the selected sub-region 




No 



^ Generate a geometric route for each topological route, and store the 
resutls in the detailed-routing and global-routing databases 



225 




No 



Figure 2 



t: 



o 




o 



o 



b 

m 

ru 
I* 

a 

ru 
fu- 

Q 

ru 




C3 
'■4 

m 

fU 
n 

■scr 

ru 
ry 



ru 



00 

O 

•c 

E 
o 

O 



c 

.5? 



o 



o 
o 
c 

3 

cr 

CO 



C 

'-5 

o c 

S 2 

E ^ 
S u- 

2 ° 

c 

O 



N 

CO *^ 



s I ^ „ 

^ E E *^ 
>^ .E .E «J 

£ s s > 

Oil* 

>> 

t 

< 



CO O 

, CO 

o ^ 

E ^ 

c c t> 

; « j 
1 



CO 

•c 

E 
o 

OX) 



O C 

CO rZ 
o 



<*- o 

o CI. 



u 



so 

Si 



c 

E 
c 

CO 

^ i 

&0 



CO -J- 

•1 ■= 

2 ^ 

O U 

g .s 

CO o 

&0 C 
C O 

^ S 
.S § 

^- 

E 
o 



CO 

s ^ 



I 



o .a 

s 1 

o c. 2 

^ h. c 

o t 
pa < 



C 

CU 

CO 

£ 

3 

E 

il 



CO 



CO o 

, CO 

o ca 

o c 



3 *S 

^ ^ CO 
CO DO w 

CO S ^ JZ 

> CJ g.tS 

I I V3 I 
III 



1> 

2 



GO 

•c 

E 
o 



^- OX) 

O Z 

c 

CO S 

c a 

o 



OD 
C 

a. 

cx- 
2 

OD 

vT ^ CO 

& _ 

I 

I 




C3 

i a 

ry 

|4 



0) 
DO 



CO 

I 

o 

CO 

u 
u 
c 

2i 

2 S) o 
I" I w 



DD 



O 

o 
c 



o 



S.2 
o .£ 



GO 2 
<^ a> ui 

O ^ 

c "5 

GO 

^ .s. 

to 

B c 

CO OS 



OS 



□ 



fu 

u 

ru 



o 
o 



o 



I 



CI. 



CO CO 

o) a> a> 

CO o 

o c 

9J G 2 
en m 

o o g 

0^ u o 

^ ;^ r- 

c c > E 

<«i t2 — 

(U <D Ci, g 



Si 



o 
o 

CM 



£3 



s 

U 

m 

fU 

p 

fU 



o 
2 



u 

o 
o 



o 

C3 



CO 

u 
c 

Si 



CU 

»L 

C 

.2 

S o 
c E 

2 o 

0) c 

2 O 
I I 



U 

t 

o 

CU 

o 
c 

o 
-a 

■o 

c 

3 

O 

CO u 
CU c 

-2 H 
<=^^ 

CU 
CO 2 

.i £ 

Si <I 



0^ 

-a 
o 
c 

0) 



T3 

1U 



C/3 

O 
■> 

CU 

o 
c 

0) 



E 
o 



^ 2 



•a 

o 
c 



o 

u 

CO 



o 
c 

Si 
<t> ^ 

p -a o 

^ u ^ 



X 

> 



o S2 



E 
o 

00 



00 

c 



S < 



«= 

S o s 

»r 2 1= 



c -a 

4) O 



oo 



E 



(L. 



U 

E 

8 -S 
J £ 

93 B 
« In 

o « g o 

C CO C- 
o e O. *- 

csi 2 D -f 



3 60 

CO C c 

i .2 "2 

> c3 

— jr 

p CSJ w 

.a c 

•£ 00 o 

CQ O 00 

CU "t: >* 

ea CU O 

O CU 

:S ^ ^ 00 

CU I I 



CO 

u 

C 

es 



c 



^ 00 

o .5 
— c 

E 2 



Si 

a. 



E 



OA 



8 



00 

CO 



i 

O ci 

w CO 

§1 

•Si 

S "3 

CU o 

is So 



Si 2 



^ ^ . — 

« ^ o 
vS '3- CU 

O w 



c 



etf Z < "5^ 



X J2 
c *- 
^ o 

if 

CO 

« — ; 

U CS 

C O 

Si '3) 

^ 5 , 

(U o 

0) o 
00 
"O to 

^ ^ 2 
^ 5 CU -5 

J<-st 

CU I C8 U 



S2 




o 



oo 
cn 
cn 



I 





O so 
00 o 

32 



C/5 



o 




00 






o 


cn 




cn 









o 
cn 



Si 



o 
wn 
cn 



I 



o 
c 

Pi 



ca cn 





vo 




00 




wn 
cn 




cn 











/ 



3^ 



op wn 

32 



00 

un 
cn 



CO 



OX) vo 

32 



i3 
Q 

m 
k 

fU 

ru 
□ 

fU 



C Start J 
Triangulate sub-region 



1505 



1500 



Group nets in the sub-region 



1510 



1515 



Select a group of nets 



I 



^ F rom 1580 
1520 



Specify a depth limit, a maximum depth-limit threshold, 
and max pushes for the group of nets 



1 



From 1555 
or 1560 



1525 



Call solving engine to find topological solution for all or some of the 
nets in the group within the specified depth limit and max pushes. 




1530 



Yes 



Increment depth limit 



1535 



To 1565 



No 




1540 



Figure 15A 



To 1545 



Figure ISA 
P'Sure 15: -Ji^iif^lsB 



From 1540 



Q 
Q 
H 

m 
m 

'■s 

ru 
m 

Q 

m 




Jo 1520 



1 



> > 


Accept returned best 


No 


solution 


\ 

1555 



Pick a net and create solution 
with just its cheapeast path 



1550 



^60 

^11 netsX. 
in group 
vsolved*^ 

Yes 



Assign face item 
shapes (and locations) 



.1565 



\< From 1530 

1570 



Triangulate based on face items, ^ 
and modify route descriptions 

I 1575 



Perform edge-flipping and 
modify route description 



To 1515 



Yes 



Any net left? 



1580 



Figure 15B 



Q 
Q 

m 

.. 3 ■ 

'Q 
fU 

a 

ru 



1605 



1610 



Start ^ 
Select a layer 



^4 



I 



Define a node 
for each comer vertex of the regions 



1615 



1620 



Define a node 
for each geometry point of a port or obstacle 



Define one or more connection nodes 
for each port geometry 



1625 



163 



1635 





Create two triangle 
by dividing the region in two 








f 


Triangulate layer 
by succesively inserting port or obstacle nodes 










Perform an edge-flipping operation 





1640 



1645 



I 



Constrain all edges of port and obstacle 
geom etries 



Perform follow-up edge-flipping operation 



1650 




No 



1600 



Figure 16 



2505 




2500 



2510 



Yes 



Identify 
capacity vector as the edge 



2515 



Identify capacity vector as the vector that traverses 
shortest distance between geometry sides abutting one 
edge node and geometry sides abuttin other edge node 



T 



2520 



Edge capacity = largest projection of capacity 
vector on one of the legal routing directions 



7T~ 



Figure 25 



C/3 

3 
O 

a 



C/3 



o 
o 



c/3 

I 

3 z 

o ^£ 
o 



C3 

C3 

H 
ffl. 

ru 

s 

p 

fU 

ry 
ru 




2800 

V 



^ Start J 



2802 



CurTent_Net is first net in the received net list. 
Push_Count - 0 



V 



I 



2804 



For Current_Net, produce all legal routes that 
have an acceptable cost 




-From 2828 



► To 2838 



Store returned solutions 



2810 



Select route for Current_Net 

- i 



4^rom 2836 



Increment Push by 1 



2812 
V 



To 2814 



Figure 28 A 



ct. Figure 28A 

Figure 2o: t?' ^op 

^ Figure 28B 

Figure 28C 



i 

Insert selected route in region. 



2814 
V 



2816 



Compute increase in total cost 
due to addition on of selected route 




No 

\ r 2824 




1 

( END ) Figure 28B 



a 

0 

H 

m 
ry 

s' 

1:3 
ru 

ru 

m 



From 2812- 



From 2806 




To 2830 



Remove route from region : 



2834 




>M 




2842 
/ 




Set Current_Net 




to the previous net in the net list 




i 


k 2840 


> No ^ 


Clear Current_Net solution pool 



Figure 28C 



^ Start ^ 



2900 



2902 



Break, net into one or more pairs of pins 






r 


2904 


Select a pair of pins 


^ 





From 2924 



I 



2906 



Determine list of source and targets for the \^ 
selected pair 

i 



2908 



Set Depth_Limit to straight line distance 
between closest source and target 



I 



Set Solution_Count to 0 



I 



Generate all legal paths 
for the selected pin-pair 



To 2914 



2910 
2912 



From 2918 



Figure 29 A 



17. ^6 Figure 29 A 
P'Sure 29: p.^^^^ 29B 




No 



2916 

jL. 



Increment Depth_Liniit 



Yes 



Yes 



2926 
Record solutions 




□ 

ry 



ru 
ru 

: s 

ry 



To 2912-^ 



No 



2922 
/ 

Return failure 
to find paths 



No 



To ^ No 
2904 




Identify K cheapest routes 

I 



Pass through generated routes 
and create Steiner poims wheneever possible 



2934 
V 



' END ^ 



Figure 29B 



From 3 116 
and 3134 " 



From 3128 



Q 
Q 

m 

m 

I** 

C3 
fU 

ru 

#=% 

ru 



f Start J 



Set one of the source nodes as starting point of path, define 
Current_Point to be this source node, and set Path.Cost to 0 

i 



3100 



3102 



For Current.Point, generate all expansions 



3104 



Select one of the expansions 



3106 






Define Current_Point to be the selected expansion 
point, and add Current_Point to path 






^ 


r 




Calculate cost due to the expansion and revise Path_Cost of the path. 



3112 



T 



To3114 



Figure 31A 



Figure 31A 
P'Sure 31: -p^iJp^jjB 



# 



To 3104 




3116 



Yes 



3122 




Remove Current JPoint from path 



I 



3124 
/_ 



Record path with cost, 

and increment 
Solution_Count by 1 



Set Current_Point to last topological item in path 



I 



Adjust 
Path.Cost 



3126 
V 



To 3106 
▲ 



No 



No 




From 3108 



3130 



To 3104 



3134 



Set one of the source nodes as starting 
point of path, define Current_Point to be 
this source node, and set Path.Cost to 0. 



Figure 31B 



'^4 

m 
ry 

b 
ru 

ru 

m 



£ 



en 



S 



ca 



o 
Z 




Planarity 
Vias 
Edge 
Capacity 


Vias 

Edge 

Capacity 


• Planarity 

• Vias 

• Edge 
Capacity 


• • • 


• • 




CO 

cd 


CO 
CQ 


M 
(S 


> 


> 


> 


• 


• 


• 


Planarity 
Vias 


CO 

.55 

... . . ... 


Planarity 
Vias 




• 


• • 


• • 







'a 
o 

Z 



0) 




Figure 39 A 



No 




3950 



Compute bounding polygon of face item 



3960 
V 



Compute intersection 
with bounding polygons above and below 



3965 

V 




Sufficient >s_Hq_^ 



3975 



Not legal; reset 
bounding polygon 



Yes 



Legal 







3980 



END 



Figure 39B 



.p 

'a 

m 



C3 
fU 

ry 
ru 



r Start ) 



Break net into one or more pairs of pins 



4000 

4002 



Select a pair of pins 



4004 



I 



4006 



Determine list of source and targets for the 
selected pair 



1/ 



Set Depth_Liniit to straight line distance 
between closest source and target 



4008 



I 



Generate all legal paths 





Yes ^ 


r 


Record solutions 







4012 
/ 

Is there 
any path for current 
epth_LimitJ 

402^ 

V 




4010 



No 



4014 



Increment Depth_Limit 




Return failure to find 
paths 



^ END ^ 



Figure 40 



C3 

w 

-a 

m 
ry 

ru 



4100 





r 


4105 




Identify congestion graph for each layer, and 
capacity and flow of edges in each graph 


y 


r 




Examine congestion about vias, move vias to improve congestion 
around them, and adjust capacity and flow after movement 


y 


r 


4115 




Compute congestion value 
for each edge in the graphs 











4110 
1/ 




ru 


Inform the topological engine of the 


o 


congested edges 


ru • 


y 





END y 



Figure 41 





Initialize Max.Overflow for each sector 










Select an edge connected to the via 


► 



4305 



4310 

V 



Compute selected edge's overflow 

I 



4315 



Yes 



4330 



Sector's Max_Overflow = Selected edge's overflow 




Compute Max_Congestions 



4300 




Figure 43 



5;: 




*0 r-: 




m 

Q 

ru 



taftf 




J* 

o 
a 

m 

fU 



fU 
Q 

ru 



Q Start 



Select a layer 



5305 



5300 



From 5390 



5310 



Assign locations to 
each triangulation-edge item 



I 



Specify connection points for each path 



5315 



5320 



Identify wiring model for selected layer 



5325 



Select a constraining direction 
based on the identified wiring model 



From 5365 



Rotate layout to simplify scan-line algorithm 



5330 
5335 



Scan layout on selected layer 
to generate pad^defining edges 



Scan layout on selected layer 
to identify the paths crossed by each path-defining edge 



5340 



To 5345 



Figure 53 



Figure 53 A 
P'Sure 53: ^r/gwre 53B 



1^ 

o 
o 

m 



ru 
ru 
ru 



i 



5345 



Select a path 



I 



Constrain path-detining edges 
intersected by the selected path 



5350 



I 



5355 



Based on the constrained path-defining edges, 
compute shortest route for the selected path 



y 



From 
5325 




Select a path 



I 



5375 



Merge partial shortest-path results 



5380 



Generate a route 
based on the wiring model of the current layer 



From 
5305 



No 




Figure 53B 




z 



C3 
Q 
)4 

u\ 
U 

ru 

a 
ru 

ru 

£3 



2 

I 




